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This unit of THINGS of science consists of a flexible 
magnet, a plastic magnetic tape, plastic-coated copper wire, two 
steel needles, three steel balls, three gelatin capsules, an iron 
nail and iron filings. Sixteen experiments dealing with magnetic 
force can be performed with the materials furnished in this kit. 

The purpose of this unit is to demonstrate the nature of magnetic 
force and some recent developments in the use of magnetic force. 

First, identify the materials in this unit. 

FLEXIBLE MAGNET -- Magnetized so the poles lie along the 
edges of the bar. 

PLASTIC MAGNETIC TAPE -- Magnetizable plastic tape as 
used in magnetic recorders. 

PLASTIC-COATED COPPER WIRE -- For use in making an 
electromagnet. 

TWO STEEL NEEDLES -- Ordinary steel sewing needles. 

THREE STEEL BALLS -- The type used in ball bearings. 

THREE GELATIN CAPSULES — Used by the pharmaceutical 
industry to contain medicine. 

IRON NAIL --An ordinary nail used in construction. 

IRON FILINGS -- Small pieces of iron to demonstrate magnetic 
fields. 

Magnetic force is one of the most mysterious forces that 
operate in nature. Even though we are unable to see it we can 
see the effects of its action. It is present all about us but we are 
not able to understand what it is or how it operates. 

Among the natural objects that exhibit magnetism is the 
lodestone. This was known to the Chinese and the Greeks very 
early. The Chinese described how to make an elementary 
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compass using the lode stone. 

The earth itself is an enormous magnet. We have not 
been able to completely explain the source of the earth* s mag¬ 
netism. The earth has one magnetic pole located near the north 
pole and another magnetic pole located near the south pole. 

Every magnet has at least two poles. These poles are named 
according to which of the earth* s magnetic poles they attract. 

In addition to their reaction to the earth* s magnetism, 
magnets attract metallic objects. Iron and steel objects are 
most easily attracted. 

Experiment 1 -- Test the flexible magnet on various 
metallic objects. Try aluminum pots, silver coins, nickel coins, 
copper coins, pins, needles, etc. Note that iron and steel ob¬ 
jects are attracted very strongly while copper and brass objects 
are not. 

When iron or steel objects are subjected to a magnetic 
field they become magnets themselves. Something takes place 
within the object that causes a magnetic field to appear that 
apparently did not exist before. 

Experiment 2 -- Place the two steel needles side by side 
on the flexible magnet so that they lie across the groove but do 
not extend over the sides of the magnet. Allow the needles to re¬ 
main on the magnet for at least five minutes. Remove the needles 
and test their magnetism. Do they attract iron and steel? 

Lay one of the needles down on a piece of white paper. 
Bring the point of the other needle near the eye of the needle on 
the paper. Do they attract or repel each other? Now bring the 
eye of the needle in your hand near the eye of the needle on the 
paper. Do they attract or repel? 

Experiment 3 -- Break off two pieces one-half inch in 
length from the flexible magnet. Lay these two pieces on a piece 
of white paper side by side so that they attract each other along 
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their long sides with the grooved side up. These two magnets 
now act as a single magnet. If you turn one of the pieces around 
they will repel each other. 

This is much the same thing that is thought to happen in 
any substance that becomes magnetized. The atoms are little 
magnets themselves. Before the substance is magnetized the 
atoms are arranged so that their magnetic fields repel each other 
and thus cancel each other out. When magnetization occurs the 
atoms have rearranged themselves so that their magnetic fields 
reinforce each other and the substance becomes a single magnet. 

Experiment 4 — Place one of the magnetized needles on 
a piece of white paper and sprinkle a small amount of iron filings 
on it. Note the pattern that develops in the iron filings due to the 
magnetic forces. This is a means of making the invisible mag¬ 
netic force field become visible. Note that the filings are attract¬ 
ed most strongly at the ends of the needle and least at the center. 

Experiment 5 -- Float the metallic cap from a soft drink 
bottle in a pan of water. Place one of the magnetized needles 
across the bottle top. Take care to prevent the bottle cap from 
floating to the side of the pan. The needle will turn the top until 
either the point or the eye of the needle is pointing north and the 
other is pointing south. The end of the needle pointing north is 
called the north-seeking pole while the other end is called the 
south-seeking pole. 

All magnets have at least two poles. It is possible for 
magnets to have more than two poles. Two north-seeking poles 
will repel each other as do two south-seeking poles. A north¬ 
seeking pole is attracted by a south-seeking pole. In magnetism 
the rule is that likes repel and unlikes attract. 

Experiment 6 -- Carefully break the magnetized needle in 
half. Does this destroy the magnetism of the needle? Does only 
one half of the needle show magnetic properties? The results of 
this e^qjeriment show that the magnetism is associated with a 
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general arrangement of atoms that is not disturbed by breaking. 

E>q)eriment 7 -- The magnetic field of the flexible mag¬ 
net can be studied by placing the magnet under a 3 x 5 card and 
sprinkling iron filings on top of the card. Note that the poles are 
located along the edges of the magnet. Place a second card under 
the first. Does the magnet still attract the iron filings? The mag¬ 
netic force flows from the magnet through the paper. Add a third 
and then a fourth card. 

Place one of the needles inside an ordinary drinking glass. 
Bring a piece of the flexible magnet against the side of the glass 
near the bottom and shake the glass until the needle is attracted 
to the magnet. Now you can remove the needle from the glass 
without touching the needle by moving the magnet up the side of 
the glass. 

In this experiment you have seen how magnetic force flows 
through paper, air and glass. It is able to flow through a vacuum 
as well. This is very mysterious since it does not appear to re¬ 
quire matter for its transmission and it does not appear to be 
hindered very much by the presence of matter. 

There are several very interesting demonstrations that 
can be made of the behavior of various things under the influence 
of a magnet. These scientific experiments can be set up as par¬ 
lor tricks to entertain yourself and your friends. 

E^eriment 8 — Place a needle on a piece of white paper. 

A piece of the flexible magnet placed in your hand and moved 
around under the paper will cause the needle to move around as 
if it were alive. 

Lay a needle down on a piece of white paper. Try to bring 
a piece of the flexible magnet down on the needle so that the needle 
will fit in the groove of the magnet. Why does the needle move 
around? 

Lay a piece of the flexible magnet down on the paper with 
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the grooved side up and try to make the needle lie in the groove. 
What happens? A freshly magnetized needle will not lie in the 
groove. 

Experiment 9 -- Place the three steel balls found in this 
unit in the box lid. Move a magnet around under the lid and 
notice the behavior of the balls. The balls will arrange them¬ 
selves easily to form a simple triangle. Try to line them up in 
a straight line. See if you can pull one of the balls away from 
the others without disturbing them. Can you move two of them 
together ? 

Experiment 10 -- Place the three gelatin capsules in the 
box lid by themselves. Test the effect of a magnet upon them. 
Can you explain why they behave this way? 

Now place one of the steel balls in each capsule. Place 
them in the box lid and move the magnet under the lid. The 
capsules appear to be alive. They can be made to perform very 
interestingly. 

The gelatin capsules were furnished by the Eli Lilly and 
Company of Indianapolis, Indiana. 

Experiment 11 — You can play a little game with one of 
the steel balls in a capsule. Draw an oval in the middle of the 
box lid that is just the same size as the capsule. Test your skill 
by trying to move the capsule with the magnet under the box lid 
so that it will lie exactly in the oval. This requires practice and 
patience. 

You can play a game with one of your friends by placing 
two of the capsules with a steel ball in each in the box lid. See 
which of you can get a capsule to your end of the box. This will 
require some practice also. 

Experiment 12 — Place two pieces of the flexible magnet 
together so that their grooved sides are facing each other and 
they are being repelled. Force the magnets together with your 
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fingers. Suddenly release your fingers and note how far the 
magnets jump. 

Experiment 13 — The magnetic properties of materials 
can be used to accomplish many things. One of the important 
uses of magnets has been the separation of magnetic materials 
from non-magnetic materials. This can be demonstrated by 
mixing together some of the iron filings and a Httle table salt. 

If you stir this mixture with one of the pieces of flexible magnet, 
the iron filings will be attracted to the magnet but the salt will 
not. This enables you to pull the iron filings away from the salt. 
This procedure is used to separate magnetic substances from 
ores. 

The flexible magnet in this unit was furnished by the 
B. F. Goodrich Company of Akron, Ohio. The magnet gets its 
flexibility from the plasticized polyvinyl chloride plastic used. 
Polyvinyl chloride is a plastic without very much flexibility when 
used by itself. It is one of the most important of the newer plas¬ 
tics. Plasticizers are organic compounds of low molecular 
weight that appear to serve as molecular lubricants for the high 
molecular weight molecules found in plastics. 

Barium ferrite is the substance in the flexible magnet 
that causes it to be magnetic. One of the most important dis¬ 
coveries in recent years has been that of these ceramic magnets. 
They can be magnetized by placing in a magnetic field just as iron 
or steel. They are compounds containing iron, oxygen and some 
divalent metal such as manganese, cobalt, rdckel, copper, zinc, 
magnesium and barium. They possess the crystalline structure 
of the mineral called spinel. 

In the production of the flexible magnet, barium ferrite 
is mixed with the plasticized polyvinyl chloride and the mixture 
is molded to the desired shape or size. The finished product is 
magnetized by placing it in a strong magnetic field. The flexible 
magnet can be magnetized in any direction or in any combination 
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of directions desired. 


Substances may be classified into three categories accor¬ 
ding to the way they behave in a magnetic field. Those substances 
that are easily magnetised and hold the magnetism well are called 
ferromagnetic. Those substances that are magnetized only to a 
slight degree and lose the magnetism easily are called paramag¬ 
netic. The substances that appear to resist magnetization are 
called diamagnetic. The spinel ferrites belong to the first group 
and are ferromagnetic. 

Magnetic fields are formed whenever an electric current 
is flowing. A direct current such as flows from a dry cell gives 
a constant magnetic field. The alternating current in household 
wiring produces a fluctuating magnetic field that is difficult to 
study. 

Experiment 14 — Obtain a dry cell such as a small flash¬ 
light cell. Coil the insulated copper wire around the nail in this 
unit. Scrape the insulation off approximately one-half inch of the 
two ends of the wire. Touch one end to the center of the top of 
the cell and the other end to the center of the bottom of the cell. 

The direct electric current flowing through the wire produces a 
magnetic field that magnetizes the nail. Test the magnetism of 
the nail by seeing if it attracts iron filings. 

This indicates that magnetic force is produced by the 
movement of electrons which make up the electric current. It 
now becomes apparent that the magnetism of atoms is due to the 
movement of electrons in the atoms. 

Experiment 15 -- The electromagnet produced in the pre¬ 
vious experiment has the same kind of magnetism that the ordinary 
magnet has. Check the ability of the electromagnet to attract the 
flexible magnet and to repel it. 
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One of the most interesting uses of magnetic force is in 
the recording of sound. The first magnetic recording of sound 
was accomplished by Valdemar Poulsen. He applied for a patent 
on December 1, 1898 in Denmark. He called this instrument the 
’’telegraphone. ” In essence he passed an electromagnet along a 
steel wire so that the wire was magnetized by the varying field 
of the magnet. The electromagnet was set in series with a micro¬ 
phone and a battery so that the electric current flowing through the 
magnet reflected the sounds entering the microphone. The 
strength of the magnetic field of the electromagnet was controlled 
in this manner by the sounds entering the microphone. When the 
microphone was replaced by an earphone, the original sounds 
could be reproduced by moving the electromagnet along the mag¬ 
netized sections of wire. The wire could be erased by passing a 
magnet of strong constant strength along the wire. 

Coated plastic tape is the most widely used recording 
medium today. The first tapes of this type were produced in Ger¬ 
many in the 1940’s. They manufactured a tape with a ferric oxide 
coating and a cellulose acetate base at first. Later they produced 
a tape with a polyvinyl chloride base. The Minnesota Mining and 
Manufacturing Company, which furnished the tape included in this 
unit, produced the first magnetic tape with a paper base in this 
country. They now produce tape with plastic bases. 

Experiment 16 — Look at the piece of magnetic tape. 

Note that one side has a shiny finish while the other side is dull. 
The dull side has the iron oxide coating. Test the tape to see if 
it attracts iron filings. Try the effect of a piece of the flexible 
magnet on the tape. Note that it is attracted. Remember not to 
use your magnet on a piece of magnetic tape on which there is a 
recording. It will erase the recording. 
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